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(54) CATALYST FOR HYDROCARBON REFORMING AND METHOD OF REFORMING 
HYDROCARBON WITH THE SAME 



(57) The present invention provides a catalyst suit- 
ably employed in a variety of hydrocarbon reforming 
processes and a hydrocarbon reforming process includ- 
ing employing the catalyst in production of hydrogen or 
synthesis gas. The hydrocarbon reforming catalyst of 
the present invention contains an alumina carrier con- 
taining cerium oxide and, carried on the carrier, compo- 
nent (a), component (b), and optional component (c), 
the component (a) being at least one platinum group el- 



ement selected from among ruthenium, platinum, rho- 
dium, palladium, and iridium; the component (b) being 
cobalt and/or nickel, the component (c) being an alkaline 
earth metal. When steam reforming, autothermal re- 
forming, partial-oxidation reforming, or carbon dioxide 
reforming of hydrocarbons is performed through em- 
ployment of the catalyst, hydrogen or synthesis gas can 
be produced. 
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Description 

Technical Field 

roooil The present invention relates to a hydrocarbon reforming catalyst and a hydrocarbon reforming process em- 
ploying the catalyst. More particularly, the invention relates to a catalyst suitable for reforming processes for hydrocar- 
bons the catalyst comprising an alumina carrier containing cerium oxide and, as an active component, a specific 
platinum group element carried by the alumina carrier, and to a process for steam reforming, autothermal reforming, 
partial-oxidation reforming, or carbon dioxide reforming of hydrocarbons through employment of the catalyst. 

Background Art 

f00021 In recent years, new energy-production techniques have attracted attention from the standpoint of environ- 
mental issues and among these techniques a fuel cell has attracted particular interest. The fuel cell converts chem.cal 
enerav to electric energy through electrochemical reaction of hydrogen and oxygen, attaining high energy utilization 
efficiency. Therefore, practical studies have been carried out on realizalion of fuel cells for public use, Industrial use, 

roOoTl^Fuel^^are categorized in accordance with the type of employed electrolyte, and. among types, a phosphoric 
acid type a molten carbonate type, a solid oxide type, and a solid polymer electrolyte type have been known. With 
reoardto hydrogen sources, studies have been conducted on methanol; liquefied natural gas predominantly containing 
methane; city gas predominantly containing natural gas; a synthetic liquid fuel produced from natural gas serving as 
a feedstock- and petroleum-derived hydrocarbons such as naphtha and kerosene. 

100041 When hydrogen is produced from petroleum-derived hydrocarbons, the hydrocarbons are generally steam- 
eformed in the presence of catalysts. Among such catalysts, catalysts that contain ruthenium carried by a carrier as 
an active component have conventionally been studied, in view of their advantages; e.g.. comparat.vely h.gh activity 
and suppression of carbon deposition even under low steam/carbon ratio operational conditions. In recent years, these 
ruthenium catalysts have been expected to use in fuel cells, which require a long-life catalyst. 
100051 Since a co-catalyst effect of cerium oxide exerted on a ruthenium catalyst was discovered, ruthen.um-cenum 
oxide-based catalysts have been studied and some patent applications have been filed (Japanese Patent Pu°l.cation 
jSoM No. 59-29633 and Japanese Patent Application Laid-Open (toAaf) Nos. 60-147242, 4-281845, 9-10586. and 

ro^eT^addition to ruthenium-based catalysts; catalysts predominantly containing platinum, rhodium, palladium 
ridium or nickel have been studied. However, these catalysts have drawbacks, in that catalytic activity in terms of 
steam reforming of hydrocarbons remains unsatisfactory, and that carbon is deposited in a large amount dunng re- 

rOOOTl 9 In addition to the aforementioned steam reforming, other reforming processes for producing hydrogen, such 
as autothermal reforming, partial-oxidation reforming, and carbon dioxide reforming have been studied. As ,s known 
all the above reforming processes can generally be performed through employment of the same reforming catalyst, 
and synthesis gas can also be produced through all the above processes with slight modification of reform.ngcond.bons. 
Studies have also been carried out on use of platinum group elements such as ruthenium, platinum, rhodium, pallad.um, 
and iridium in catalysts for the above autothermal reforming, partial-oxidation reforming, and carbon dioxide reforming. 
However, catalytic activity of the catalyst employing the elements remains unsatisfactory. 

Disclosure of the Invention 

[0008] In view of the foregoing, an object of the present invention is to provide a high-activity hydrocarbon reforming 
catalyst which contains a platinum group element as an active component and which is suitably adapted tc > a vanety 
of hydrocarbon reforming processes. Another object of the present invention is to prov.de a process for effectively 
steam reforming, autothermal reforming, partial-oxidation reforming, or carbon dioxide reforming hydrocarbons through 
50 employment of the above-mentioned reforming catalyst. 

[00091 The present inventors have carried out extensive studies in an effort to attain the aforement.oned objects, 
and have found that the objects can be attained through employment of a catalyst comprising an alum.na earner con- 
taining cerium oxide; and. carried on the carrier, a specific platinum group element component; a cobalt or n.ckel 
component; and an optional alkaline earth metal component. The present invention has been accomplished on the 

55 basis of this finding. 

[001 0] Accordingly, the present invention provides the following: 

(1) a hydrocarbon reforming catalyst comprising an alumina carrier containing cerium oxide and. carried on the 
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carrier component (a) and component (b). the component (a) being at least one platinum group elemen selected 
from among ruthenium, platinum, rhodium, palladium, and iridium, the component (b) being cobalt and/or n.ckel; 
(2) a steam reforming process for hydrocarbons in production of hydrogen or synthesis gas. the process compnsing 
employing the above-described hydrocarbon reforming catalyst; 
s (3) an autothermal reforming process for hydrocarbons in production of hydrogen or synthes.s gas. the process 

comprising employing the above-described hydrocarbon reforming catalyst; 

(4) a partial-oxidation reforming process for hydrocarbons in production of hydrogen or synthesis gas. the process 
comprising employing the above-described hydrocarbon reforming catalyst; and 

(5) a carbon dioxide reforming process for hydrocarbons in production of hydrogen or synthesis gas. the process 
io comprising employing the above-described hydrocarbon reforming catalyst 

Best Mode for Carrying Out the Invention 

[001 1 ] Firstly the hydrocarbon reforming catalyst of the present invention will be described. 
10012 In the reforming catalyst of the present invention, the earner is formed from alumina containing cenum ox.de. 
Any crystal type of alumina species; i.e., a-, B-. y. 6-. K-. and x -alumina (commercial products), can be used Un 
addition calcined products of alumina hydrate such as boehmite. bayerite. or gibbs.te can also be used. Other titan 
the alumina species, there may also be used a calcined product obtained by adding an alkaline buffer solution of pH 
8 to 10 to aluminum nitrate, to thereby precipitate aluminum hydroxide, and calcining the hydroxide, or a calcined 
product of aluminum chloride. A product prepared through a sol-gel method may also be used, the product be.ng 
prepared by dissolving an alkoxide (e.g., aluminum isopropoxide) in an alcohol (e.g., 2-propanol); adding an inorganic 
acid (e q hydrochloric acid) as a hydrolysis catalyst, to thereby form alumina gel; and drying and calcining the gel. 
100131 With regard to cerium oxide, commercial cerium oxide may be used. Alternatively, cerium oxide Prepared 
Ihrough a conventional process from a cerium compound such as cerium nitrate [Ce(NO) 3 -6H 2 0], cenum chlonde 
25 [CeClv7H,01. or cerium carbonate [Ce 2 (C0 3 ) 3 -8H 2 01 can be used. 

0014] The alumina containing cerium oxide may be used as a mixture of cerium oxide and any of the aforementioned 
alumina species. However, a product prepared by impregnating alumina with an aqueous solution of any of the afore- 
mentioned cerium compound is more preferred. 

[00151 The percent amount of cerium oxide and that of alumina are preferably 5 to 40 wt.% and 95 to 60 wt. A, 
30 respectively. When the amount of alumina is in excess of 95 wt.%, the effect of cerium oxide is poor in some cases^ 
whereas when the amount of alumina is less than 60 wt.%, the surface area of the carrier or the mechanical strength 
of the catalyst often unfavorably decreases. 

[00161 In the reforming catalyst of the present invention, at least one platinum group element selected from among 
ruthenium platinum, rhodium, palladium, and iridium (component (a)); cobalt and/or nickel (component (b)); and an 
optional alkaline earth metal (component (c)) are carried on the thus-obtained alumina carrier containing cenum ox.de^ 
No particular limitation is imposed on the method of carrying these components, and the components may be earned 
sequentially or simultaneously. For example, there can be employed a method in which a solution containing component 
(a) a solution containing component (b), and a solution containing component (c) are prepared individually, and are 
sequentially brought into contact with a carrier, a method in which a solution containing components (a) and (b) a 
solution containing components (a) and (c), and a solution containing components (b) and (c) are prepared mdividually 
and one of the solutions and a solution containing the corresponding balance component are sequentially brought into 
contact with a earner; or a method in which a solution containing three components (a), (b), and (c) is prepared and 
the three components are simultaneously carried. Of these, simultaneous carrying of these components is preferred 

45 r00171 0f Ca^ing operation of the above components may be performed through any of a variety of methods such as 
mpregnation (e.g.. heat impregnation, ambient temperature impregnation, vacuum impregnation, ambient pressure 
impregnation, impregnation and bringing into dryness, or pore filling); immersion; light permeation; wet adsorption; 
spraying; and applying. Of these, impregnation is preferred. 

[001 81 The conditions under which the carrying operation is performed are similar to those conventionally employed, 
so and the operation is suitably performed under atmospheric pressure or reduced pressure. In this case, no particular 
limitation is imposed on the operation temperature, and room temperature or temperatures approximate to room tem- 
perature may be adapted. Alternatively, heating and temperature elevation can also be employed .n accordance with 
needs. Specifically, carrying operation is suitably performed at room temperature to approximately 80">C. The contact 
time for carrying is approximately one minute to ten hours. 
55 [00191 Examples of ruthenium compounds for providing component (a) include ruthenium salts such as RuCI 3 nH 2 0, 
Ru(NO,), Ru 2 (OH) 2 CI 4 -7NH 3 -3H 2 0. K 2 (RuCI 5 (H 2 0)). (NH 4 ) 2 (RuCI 5 (H 2 0)), K 2 (RuCl s (NO)), RuBr 3 nH 2 0 Na 2 Ru0 4 , 
Ru NO) Nol (Ru 3 0 0Ac)e(H 2 0) 3 )0Ac nH 2 0, K 4 (Ru(CN) 6 )nH 2 0, K 2 (Ru(NO) 2 ) 4 (OH)(NO)), (Ru(NH 3 ) 6 )C 3 , (Ru 
!Sw2^AS3ja* <£(Nh£>** (Ru 3 0 2 (NH 3 ) 14 )C. 6 H 2 0. (Ru(NO)(NH 3 ) 5 )CI 3 , (Ru(OH)(NO)(NH 3 ) 4 )(N0 3 ) 2 , 
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RuCUPPh 3 ) 3 , RuCI 2 (PPh3) 4 . RuaHCPPh^a-C^Hs, RuH^PPh,),, RuCIH(CO)(PPh 3 ) 3 , RuH 2 (CO)(PPh 3 ) 3 . (RuCI 2 
(cod)) n , Ru(CO) 12 , Ru(acac) 3 , (Ru(HCOO)<CO) 2 ) n , and Ru 2 t 4 (p^ymene) 2 . Of these, RuCI 3 nH 2 0, Ru(N0 3 ) 3 , and Ru 2 
(OH) 2 CI 4 -7NH 3 -3H 2 0 are preferably used from the viewpoint of material handling. 

[00201 Examples of platinum compounds for providing component (a) include PtCI 4 , H 2 PtC! 6 , Pt(NH 3 ) 4 CI 2 , 
5 (NH 4 ) 2 PtCI 2 . H 2 PtBr 6 , NH 4 [Pt(C 2 H 4 )Cl3], Pt(NH 3 ) 4 (OH) 2 , and Pt(NH 3 ) 2 (N0 2 ) 2 . 

[0021] Examples of rhodium compounds for providing component (a) include ^RhClg, (NH 4 ) 2 RhCI 6 , Rh(NH 3 ) 5 CI 3 , 

[0022] hC Examples of palladium compounds for providing component (a) include (NH 4 ) 2 PdCI 6 , (NH 4 ) 2 PdCi 4 , Pd 
(NH 3 ) 4 CI 2 » PdCI 2 , and Pd(N0 3 ) 2 . 
10 [0023] Examples of iridium compounds for providing component (a) include (NH^' 1 " 01 * ,rC, 3. and H 2 lrCI 6 . 
[0024] These compounds may be used singly or in combination of two or more species. 

[0025] Examples of nickel compounds for providing component (b) include Ni(N0 3 ) 2 , NiS0 4 , NiCI 2 , Ni(OH) 2 , and Ni 
(CH 3 COO) 2 . Examples of cobalt compounds for providing component (b) include Co(N0 3 ) 2 , Co(OH) 2 , CoCI 2 , CoS0 4 , 
Co (S0 4 ) 3 and CoF 3 . These compounds may be used singly or in combination of two or more species. 

15 r0026] Examples of alkaline earth metal compounds for providing optionally employed component (c) include Ba 
salts such as BaBr 2 , Ba(Br0 3 ) 2 , BaCI 2 , Ba(CI0 2 ) 2 , Ba(CI0 3 ) 2 , Ba(CI0 4 ) 2 , Bal 2> Ba(N 3 ) 2 , Ba(N0 2 ) Ba(N0 3 ) 2 , Ba 
(OH), BaS BaS 2 0 6 , BaS 4 O e , and Ba(S0 3 NH 2 ) 2 ; Ca salts such as CaBr 2 , Cal 2 , CaCI 2 , Ca(CI0 3 ) 2 , Ca(l0 3 ) 2 , Ca 
NOo) 2 Ca(N0 3 ) 2 , CaS0 4> CaS 2 0 3 , CaS 2 O e , Ca(S0 3 NH 2 ) 2 , Ca(CH 3 COO) 2> and Ca(H 2 P0 4 ) 2 ; Mg salts such as 
MgBr 2 MgC0 3 , MgCI 2 , Mg(CI0 3 ) 2 , Mgl 2 . Ng(l0 3 ) 2 , Mg(N0 2 ) 2 , Mg(N0 3 ) 2 . MgS0 3 , MgS0 4 , MgS 2 Oe^Mg(CH3COO) 2 , 

20 Mg(OH) 2 and Mg(CI0 4 ) 2 ; and Sr salts such as SrBr 2 , SrCI 2 . Srl 2 , Sr(N0 3 ) 2 , SrO, SrS 2 0 3 , SrS 2 O s , SrS 4 O e , Sr 
(CH ? COO) 2 and Sr(OH) 2 . These compounds may be used singly or in combination of two or more species. Among 
these compounds, magnesium salts are preferred from the viewpoint of enhancement of properties such as heat re- 
si stance 

[0027] Compounds which can be employed as sources for providing the aforementioned components (a), (b), and 
25 (c) are not limited to the above-listed compounds. In addition to such compounds having a solubility in a specific solvent, 
a variety of similar compounds can also be used so long as these compounds can satisfactorily be dissolved in a 
solvent through addition or in the co-presence of acid or an acidic compound. Thus, in order to enhance solubility of 
the compounds and adjust pH, an inorganic acid such as hydrochloric acid, sulfuric acid, or nitric acid, or an organic 
acid such as acetic acid or oxalic acid may be added to a solution of each compound for providing component (a), (b), 
30 or (c) . The concentration of the solution of each compound for providing component (a), (b), or (c) may be appropnately 
determined in accordance with the amount of each catalyst component carried on the carrier. 

[0028] The reforming catalyst of the present invention contains the platinum group element (i.e., component (a)) 
carried on the carrier preferably in a metal amount falling within a range of 0.1 to 8 wt.% based on the entire amount 
of the catalyst more preferably 0.5 to 5 wt.%. When the amount is less than 0.1 wt.%, the catalytic activity is poor in 
35 some cases, whereas when the amount is in excess of 8 wt.%, the catalytic activity cannot be enhanced commensurate 
with the amount, which is not preferable in economy. 

[0029] The metal amount of cobalt and/or nickel (i.e., component (b)) carried on the carrier preferably falls within a 
range of 0 1 to 20 wt.% based on the entire amount of the catalyst, more preferably 0.5 to 10 wt.%. When the amount 
is less than 0 1 wt.%, effect on enhancement of catalytic activity is not fully attained, whereas when the amount is in 
40 excess of 20 wt.%. the catalytic activity cannot be enhanced commensurate with the amount, which is not preferable 

in economy. . , . . 

[00301 The metal amount of optionally added alkaline earth metal (i.e. , component (c)) earned on the earner preferably 
falls within a range of 1 to 20 wt.% based on the entire amount of the catalyst, more preferably 2 to 10 wt.%. When 
the amount is less than 1 wt.%, heat resistance of the catalyst is not fully enhanced in some cases, whereas when the 
amount is in excess of 20 wt.%, the catalytic activity or the heat resistance cannot be enhanced commensurate with 
the amount, and the catalytic activity rather decreases in some cases. 

[00311 After completion of the carrying operation of the aforementioned components on the carrier, the earner is 
dried. No particular limitation is imposed on the drying method, and any drying method such as natural drying or drying 
by use of a rotary evaporator or a blow dryer can be employed. 

[0032] When the reforming catalyst is prepared, calcination is generally performed after drying. In this case, however, 
component (a) may be evaporated, oxidized, or aggregated during high-temperature calcination, thereby inducing a 
decrease in catalytic activity, and therefore, calcination is preferably avoided after completion of carrying component 
(a) serving as the active component of the catalyst. 

[0033] When calcination is not performed, a decomposition step for decomposing the salts of the components earned 
55 on the carrier is preferably included. This step is included in order to prevent decomposition, inside the reactor, of the 
components in the form of chlorides, nitrates, etc. carried on the carrier and to suppress leakage of decomposition 
products from the reactor. The decomposition step may be performed through a method including heating in an oxygen- 
free atmosphere (nitrogen, hydrogen, etc.) or a method including conversion of the salt components on the earner into 
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the corresponding hydroxide through reaction with an aqueous alkali solution. Of these, a method employing an aque- 
ous alkali solution can be performed in a simple manner. No particular limitation is imposed on the type of the aqueous 
alkali solution, and any aqueous alkali solutions can be employed so long as the solutions are alkaline. Examples of 
the solutions include aqueous ammonia solution and aqueous solutions of an alkali metal compound or an alkaline 
5 earth metal compound. Of these, alkali metal hydroxides such as potassium hydroxide and sodium hydroxide are 
preferably employed. When such an aqueous alkali solution is used in the decomposition step, a high-concentration 
aqueous alkali solution is preferably used. 

[0034] When calcination is performed, the calcination is carried out in air or under air flow for about 2 to about 6 
hours preferably about 2 to about 4 hours, typically at 400 to 800°C, preferably 450 to 800°C. 
10 [0035] No particular limitation is imposed on the shape and size of the thus-prepared catalyst, and any shape and 
structure of generally used catalysts can be employed. Examples of the shape of the catalyst include powder, spheres, 
granules, honey-comb, foam, fiber, doth, plates, and rings. 

[0036] The thus-prepared catalyst is charged into a reactor and subjected to reduction by hydrogen prior to reforming 
reaction. Reduction by hydrogen is generally performed under hydrogen flow for about 1 to about 24 hours, preferably 
15 about 3 to about 12 hours, at 500 to 800°C, preferably 600 to 700°C. 

[0037] The hydrocarbon reforming catalyst of the present invention is suitably employed as a catalyst for steam 
reforming autothermal reforming, partial-oxidation reforming, or carbon dioxide reforming hydrocarbons. 
[0038] Among reforming catalysts falling within the scope of the present invention, a catalyst containing ruthenium 
as the platinum group element (component (a)) is preferred from the viewpoint of catalytic activity or other standpoints. 
20 Such a catalyst is particularly advantageous for used as a catalyst for steam reforming hydrocarbons. 
[00391 Secondly, the hydrocarbon reforming process of the present invention will next be described. 
[0040] The hydrocarbon reforming process of the present invention comprises employing the above-described re- 
forming catalyst and encompasses four embodiments: (1) a steam reforming process for hydrocarbons; (2) an auto- 
thermal reforming process for hydrocarbons; (3) a partial-oxidation reforming process for hydrocarbons; and (4) a 
25 carbon dioxide reforming process for hydrocarbons. By carrying out any of the processes, hydrogen or synthesis gas 
is produced. 

[0041] The above-described steam reforming process (1) will next be described. 

[0042] Examples of hydrocarbon feedstocks employed in the steam reforming reaction of the above process include 
linear-chain or branched saturated aliphatic hydrocarbons having about 1 to 1 6 carbon atoms such as methane, ethane, 
30 propane, butane, pentane, hexane, heptane, octane, nonane, and decane; saturated alicyclic hydrocarbons such as 
cyclohexane, methylcyclohexane, and cyclooctane; monocyclic and polycyclic aromatic hydrocarbons; city gas, LPG, 
naphtha, and kerosene. 

[0043] Generally, when such a hydrocarbon feedstock contains sulfur, the matenal is preferably desulfunzed to a 
sulfur content of 0.1 ppm or less through a desulfurization step. When the sulfur content of the hydrocarbon feedstock 

35 is in excess of about 0.1 ppm, a steam reforming catalyst may deactivated. No particular limitation is imposed on the 
desulfurization method, and any desulfurization method such as hydro-desulfurization or adsorption desulfurization 
can be appropriately employed. No particular limitation is imposed on the steam which is employed in steam reforming. 
[0044] In determination of steam reforming reaction conditions, the amount of hydrocarbon and that of steam are 
controlled such that the steam/carbon (mol) ratio is generally regulated to 1 .0 to 10, preferably 1 .5 to 5, more preferably 

40 2 to 4 Through control of the steam/carbon (mol) ratio, high-hydrogen-content gas can be yielded at high efficiency. 
[0045] The reaction temperature is generally 200 to 900°C, preferably 250 to 900°C, more preferably 300 to 800°C. 
The reaction pressure is generally 0 to 3 MPa-G, preferably 0 to 1 MPa-G. 

[0046] When a hydrocarbon having a boiling point equal to or higher than that of kerosene is employed as a feedstock, 
steam reforming is preferably performed while the inlet temperature of a steam reforming catalyst bed is maintained 

45 at 630°C or lower, preferably 600°C or lower. When the inlet temperature is higher than 630°C, pyrolysis of the hydro- 
carbon is promoted, to thereby form radicals, and carbon is deposited by the mediation of radicals on the catalyst or 
the reactor tube wall, leading in some cases to difficulty in operation. No particular limitation is imposed on the outlet 
temperature of the catalyst bed, but the outlet temperature preferably falls within a range of 650 to 800°C. When the 
outlet temperature is lower than 650°C, the amount of formed hydrogen may be unsatisfactory, whereas when the 

50 temperature is higher than 800°C, heat resistant material is required for manufacturing the reactor in some cases, 
which is disadvantageous in economy. 

[0047] Reaction conditions are slightly modified depending on the produced gas; i.e., hydrogen or synthesis gas. 
When hydrogen is produced, a somewhat larger amount of steam is fed, and the reaction temperature and the reaction 
pressure are both somewhat low, whereas when synthesis gas is produced, the somewhat smaller amount of steam 
55 is fed, and the reaction temperature and the reaction pressure are both somewhat high. 

[0048] In the hydrocarbon steam reforming, a catalyst containing ruthenium as the platinum group element (compo- 
nent (a)) is preferably employed as a reforming catalyst. 

[0049] Next, the process for autothermal reforming, the process for partial-oxidation reforming, and the process for 
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carbon dioxide reforming hydrocarbons through employment of the catalyst of the present invention will be described. 
[0050] In the autothermal reforming, oxidation of a hydrocarbon and reaction of a hydrocarbon with steam occur in 
the same reactor or continuously situated reactors. Reaction conditions are slightly modified depending on the produced 
qas- i e hydrogen or synthesis gas. The reaction temperature is generally 200 to 1 ,300^, preferably 400 to 1 ,200°C, 
5 more preferably 500 to 900°C; the steam/carbon (mol) ratio is generally 0.1 to 10, preferably 0.4 to 4; the oxygen/ 
carbon (mol) ratio is generally 0.1 to 1, preferably 0.2 to 0.8; and the reaction pressure is generally 0 to 10 MPa-G, 
preferably 0 to 5 MPa-G, more preferably 0 to 3 MPa-G. Hydrocarbons similar to those employed in steam reforming 
are used in autothermal reforming. 

[0051] In the partial-oxidation reforming, partial oxidation of a hydrocarbon occurs. Reaction conditions are slightly 
10 modified depending on the produced gas; i.e., hydrogen or synthesis gas. The reaction temperature is generally 350 
to 1 200°C preferably 450 to 900°C; the oxygen/carbon (mol) ratio is generally 0.4 to 0.8, preferably 0.45 to 0.65; and 
the reaction pressure is generally 0 to 30 MPa-G, preferably 0 to 5 MPa-G, more preferably 0 to 3 MPa-G. Hydrocarbons 
similar to those employed in steam reforming are used in partial-oxidation reforming. 

[0052] In the carbon dioxide reforming, reaction of a hydrocarbon with carbon dioxide occurs. Reaction conditions 
ts are slightly modified depending on the produced gas; i.e., hydrogen or synthesis gas. The reaction temperature is 
generally 200 to 1 300°C, preferably 400 to 1,200°C, more preferably 500 to 900°C; the carbon dioxide/carbon (mol) 
ratio is generally 0.1 to 5, preferably 0.1 to 3; the steam/carbon (mol) ratio (when steam is fed) is generally 0.1 to 10, 
preferably 0 4 to 4; the oxygen/carbon (mol) ratio (when oxygen is fed) is generally 0.1 to 1, preferably 0.2 to 0.8; and 
the reaction pressure is generally 0 to 10 MPa-G, preferably 0 to 5 MPa-G, more preferably 0 to 3 MPa-G. Although 
20 methane is typically used as the hydrocarbon, other hydrocarbons similar to those employed in steam reforming are 
also used in carbon dioxide reforming. 

[0053] The aforementioned reforming reactions may be performed in a continuous flow manner or a batch manner, 
with a continuous flow manner being preferred. When the continuous flow manner is employed, liquid hourly space 
velocity (LHSV) of a hydrocarbon is generally 0.1 to 10 hr\ preferably 0.25 to 5 hr\ whereas when hydrocarbon gas 
25 such as methane is employed, gas hourly space velocity (GHSV) of the gas is generally 200 to 100,000 hrV 

[0054] No particular limitation is imposed on the reaction type, and any of a fixed-bed type, a moving-bed type, and 
a fluidizing-bed type can be employed, with a fixed-bed type being preferred. No particular limitation is imposed on the 
reactor type, and reactors such as a tube reactor can be employed. 

[0055] Through use of the reforming catalyst of the present invention under the aforementioned conditions, a hydro- 
30 carbon is subjected to steam reforming, autothermal reforming, partial-oxidation reforming, or carbon dioxide reforming, 
to thereby yield a mixture containing hydrogen. Such a reforming is suitably employed as a process for producing 
hydrogen used in a fuel cell. In addition, synthesis gas employed in methanol synthesis, oxo synthesis, dimethyl ether 
synthesis, or Rscher-Tropsch synthesis can also be obtained at high efficiency. 

[0056] The present invention will next be described in more detail by way of Examples and Test Examples, which 
35 should not be construed as limiting the invention thereto. 

Example 1 

[00571 Cerium nitrate <Ce(N0 3 ) 3 -6H 2 0, product of Wako Pure Chemical Industries, Ltd.) (126 g) was dissolved in 
AO pure water (200 mL), and an alumina carrier (NA-3, product of Nikki Universal) (200 g) was impregnated with the 
solution Subsequently, the alumina carrier was dried at 80°C for three hours by use of a rotary evaporator. The dned 
carrier was calcined in a muffle furnace at 750°C for three hours, to thereby prepare an alumina carrier containing 
cerium oxide The carrier was found to have an alumina content of 80 wt.% and a cerium oxide content of 20 wt.%. 
[0058] Then ruthenium trichloride (RuCI 3 -nH 2 0, product of Tanaka Kikinzoku; Ru content: 39.1 6 wt.%) (4.3 g) serving 
45 as an active component and cobalt nitrate (Co(N0 3 ) 2 -6H 2 0, product of Wako Pure Chemical Industries, Ltd.) (9.1 g) 
were dissolved in pure water (30 mL), and the carrier (40 g) which had been prepared in the above-descnbed manner 
was impregnated with the aqueous solution, followed by drying at 80°C for three hours by use of a rotary evaporator. 
[0059] Subsequently, the thus-prepared catalyst was immersed in a 5 mol/L sodium hydroxide solution (1 L), and 
the mixture was slowly stirred for one hour, to thereby decompose the compounds that had been incorporated into the 
so catalyst during impregnation. Thereafter, the catalyst was thoroughly washed with distilled water, followed by drying 
at 80°C for three hours by use of a rotary evaporator, to thereby yield catalyst 1 (Ru (4 wt.%), Co (4 wt.%), Ce0 2 (18 
wt.%), and Al 2 0 3 (balance)). The catalyst of the composition is expressed by 4Ru/4Co/18Ce0 2 /AI 2 0 3 catalyst, and 
this rule apply hereinafter. 

55 Example 2 

[0060] Ruthenium trichloride (RuCI 3 nH 2 0, product of Tanaka Kikinzoku; Ru content: 39.16 wt.%) (4.3 g), cobalt 
nitrate (Co(N0 3 ) 2 -6H 2 0, product of Wako Pure Chemical Industries, Ltd.) (9.1 g), and magnesium nitrate (Mg 
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(N0 3 ) 2 -6H 2 0 > product of Wako Pure Chemical Industries, Ltd.) (10.3 g) were dissolved in pure water (25 mL), and the 
carrier (40 g)' which had been prepared in a manner similar to that of Example 1 was impregnated with the aqueous 
solution, followed by drying at 80° C for three hours by use of a rotary evaporator. 

[0061] Subsequently, steps similar to those of Example 1 were repeated, to thereby yield catalyst 2 (4Ru/4Co/4Mg/ 
17.4Ce02/AI 2 0 3 catalyst). 



Example 3 



[0062J The procedure of Example 1 was repeated, except that the amount of ruthenium trichloride was changed to 
10 0.51 g, to thereby yield catalyst 3 (0.5Ru/4Co/18CeO2/Al 2 O 3 catalyst). 



Example 4 



[0063] The procedure of Example 1 was repeated, except that the amount of ruthenium trichloride was changed to 
15 2.04 g, to thereby yield catalyst 4 (2Ru/4Co/18Ce02/Al 2 0 3 catalyst). 



Example 5 



[0064] The procedure of Example 1 was repeated, except that the amount of ruthenium trichloride was changed to 
20 8.2 g, to thereby yield catalyst 5 (8Ru/4Co/18Ce02/Al 2 0 3 catalyst). 



Example 6 



[0065] The procedure of Example 2 was repeated, except that the amount of ruthenium trichloride was changed to 
25 8.2 g, to thereby yield catalyst 6 (8Ru/4Co/4Mg/1 8Ce0 2 /Al 2 0 3 catalyst). 

Example 7 

[0066] The procedure of Example 1 was repeated, except that the amount of ruthenium trichloride was changed to 
30 10.2 g, to thereby yield catalyst 7 (10Ru/4Co/18CeO 2 /AI 2 O 3 catalyst). 

Comparative Example 1 

[0067] The procedure of Example 1 was repeated, except that no cobalt nitrate was used during incorporation of the 
35 active component into the carrier, and that the amount of pure water was changed to 36 mL, to thereby yield comparative 
catalyst 1 (4Ru/19Ce0 2 /AI 2 0 3 catalyst) . 

Example 8 

40 [0068] The procedure of Example 1 was repeated, except that chloroplatinic acid (H 2 PtCI 6 -6H 2 0, product of Wako 
Pure Chemical Industries, Ltd.) (4.2 g) was employed instead of ruthenium trichloride, to thereby yield catalyst 8 (4Pt/ 
4Co/18Ce0 2 /AI 2 0 3 catalyst) . 



Example 9 



[0069] The procedure of Example 1 was repeated, except that palladium nitrate (Pd(N0 3 ) 2 , product of Wako Pure 
Chemical Industries, Ltd.) (3.5 g) was employed instead of ruthenium trichloride, to thereby yield catalyst 9 (4Pd/4Co/ 
18Ce0 2 /AI 2 0 3 catalyst). 

so Example 10 

[0070] The procedure of Example 1 was repeated, except that rhodium chloride (RuCI 3 -3H 2 0, product of Wako Pure 
Chemical Industries, Ltd.) (4.1 g) was employed instead of ruthenium trichloride, to thereby yield catalyst 10 (4Rh/4Co/ 
18Ce02/Al 2 0 3 catalyst) . 



Example 11 

[0071] The procedure of Example 1 was repeated, except that, during incorporation of the active component into the 
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carrier, a solution (16 mL) of chloroiridic acid in hydrochloric acid (H 2 lrCI 6 . product of Kojima Chemical Reagents. Ir 
content = 100 g/L) was employed instead of ruthenium trichloride and the amount of pure water was changed to 20 
mL, to thereby yield catalyst 11 (4lr/4Co/18Ce02/AI 2 0 3 catalyst) . 

5 Comparative Example 2 

[0072] The procedure of Example 1 was repeated, except that, during incorporation of the active component into the 
carrier, chloroplatinic acid (H 2 PtCI 6 -6H 2 0, product of Wako Pure Chemical Industries, Ltd.) (4.2 g) was employed in- 
stead of ruthenium trichloride, no cobalt nitrate was used, and the amount of pure water was changed to 36 mL, to 
10 thereby yield comparative catalyst 2 (4Pt/18Ce02/AI 2 0 3 catalyst). 

Comparative Example 3 

[0073J The procedure of Example 1 was repeated, except that, during incorporation of the active component into the 
15 carrier, palladium nitrate (Pd(N0 3 ) 2 , product of Wako Pure Chemical Industries, Ltd.) (3.5 g) was employed instead of 
ruthenium trichloride, no cobalt nitrate was used, and the amount of pure water was changed to 36 mL, to thereby yield 
comparative catalyst 3 (4Pd/18Ce0 2 /AI 2 0 3 catalyst). 



20 



25 



Comparative Example 4 

[0074] The procedure of Example 1 was repeated, except that, during incorporation of the active component into the 
carrier, rhodium chloride (RuCI 2 -3H 2 0, product of Wako Pure Chemical Industries, Ltd.) (4.1 g) was employed instead 
of ruthenium trichloride, no cobalt nitrate was used, and the amount of pure water was changed to 36 mL, to thereby 
yield comparative catalyst 4 (4Rh/18Ce0 2 /AI 2 0 3 catalyst) . 

Comparative Example 5 

[0075] The procedure of Example 1 was repeated, except that, during incorporation of the active component into the 
carrier, a solution (16 mL) of chloroiridic acid in hydrochloric acid (H 2 lrCI 6 , product of Kojima Chemical Reagents, Ir 
30 content = 1 00 g/L) was employed instead of ruthenium trichloride, no cobalt nitrate was used, and the amount of pure 
water was changed to 20 mL, to thereby yield comparative catalyst 5 (4lr/18Ce0 2 /AI 2 0 3 catalyst). 

Test Example 1 

35 [0076] Catalysts 1 to 7 and comparative catalyst 1 were evaluated in terms of steam reforming catalytic activity 
through the following method. The activity was determined and evaluated as percent conversion to C1 compounds 
(hereinafter referred to as C1 percent conversion). The results, are shown in Table 1. 



40 



< Determination of C1 percent conversion> 



[0077] Each catalyst sample was pulverized to a particle size of 0.5 to 1 mm. SiC (4.0 mL) was added to the pulverized 
catalyst (1.0 mL), and the mixture was charged into a quartz reactor (inner diameter: 20 mm). The catalyst contained 
in the mixture was reduced by hydrogen at 600°C for one hour under hydrogen flow in the reactor. As a hydrocarbon 
feedstock, commercial kerosene (JIS No. 1) which had been desulfurized to a sulfur content of 0.1 ppm or less was 
45 employed. The kerosene (JIS No. 1) and steam were brought into contact with to the catalyst under the conditions: 
LHSV = 15 hr 1 and steam/carbon (mol ratio) = 1 , whereby steam reforming reaction was caused at ambient pressure 
and a reaction temperature of 600°C (as measured at the central portion of the catalyst bed) (i.e., accelerated deteri- 
oration test). The resulting gas was sampled and analyzed through gas chromatography, whereby the components 
and concentrations thereof were determined. On the basis of the results, C1 percent conversion was obtained in ac- 
50 cordance with the following equation: 

C1 percent conversion (%) = (A/B) x 100 

55 [wherein A = CO flow rate by mol + C0 2 flow rate by mol + CH 4 flow rate by mol (the flow rate being determined at the 
outlet of the reactor) and B = carbons (kerosene) flow rate by mol determined at the inlet of the reactor]. 
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Table 1 



Catalyst 


C1 percent conversion (%) 


No. 


Structure 


Catalyst 1 


4Ru/4Co/1 8Ce02/AI 2 0 3 


45.2 


Catalyst 2 


4Ru/4Co/4Mg/17.4Ce02/AI 2 0 3 


43.0 


Catalyst 3 


0.5Ru/4Co/1 8Ce02/AI 2 0 3 


24.7 


Catalyst 4 


2Ru/4Co/1 8Ce0 2 /AI 2 0 3 


31.3 


Catalyst 5 


8Ru/4Co/1 8Ce02/AI 2 0 3 


58.6 


Catalyst 6 


8Ru/4Co/4Mg/1 8Ce02/AI 2 0 3 


59.8 


Catalyst 7 


1 0Ru/4Co/1 8Ce02/Al 2 0 3 


58.3 


Comp. catalyst 1 


4RuV19Ce0 2 /Al 2 0 3 


22.9 



20 



25 



30 



35 



45 



50 



Test Example 2 

[00781 Catalysts 8 to 1 1 and comparative catalysts 2 to 5 were evaluated in terms of steam reforming catalytic activity 
through the following method. The activity was determined and evaluated as C1 percent conversion. The results are 
shown in Table 2. 

< Determination of C1 percent conversion> 

[0079] Each catalyst sample was pulverized to a particle size of 0.5 to 1 mm. SiC (3.5 mL) was added to the pulverized 
catalyst (1 5 mL) and the mixture was charged into a quartz reactor (inner diameter: 20 mm). The catalyst contained 
in the mixture was reduced by hydrogen at 600°C for one hour under hydrogen flow in the reactor. As a hydrocarbon 
feedstock commercial kerosene (JIS No. 1) which had been desulfurized to a sulfur content of 0.1 ppm or less was 
employed The kerosene (JIS No. 1) and steam were brought into contact with to the catalyst under the conditions: 
LHSV = 6 hr 1 and steam/carbon (mol ratio) = 3, whereby steam reforming reaction was caused at ambient pressure 
and a reaction temperature of 580°C (as measured at the central portion of the catalyst layer) (i.e., accelerated dete- 
rioration test). One hour after starting of the steam reforming, the resulting gas was sampled, and C1 percent conversion 
was obtained in a manner as described above. 

Table 2 



Catalyst 


C1 percent conversion (%) 


No. 


Structure 


Catalyst 8 


4Pt/4Co/1 8Ce0 2 /AI 2 0 3 


32.2 


Catalyst 9 


4Pd/4Co/18Ce0 2 /AI 2 0 3 


33.1 


Catalyst 10 


4Rh/4Co/18Ce02/AI 2 0 3 


48.6 


Catalyst 11 


4lr/4Co/18Ce02/AI 2 0 3 


30.5 


Comp. catalyst 2 


4Pt/18Ce0 2 /AI 2 0 3 


14.4 


Comp. catalyst 3 


4Pd/18Ce02/AI 2 0 3 


13.8 


Comp. catalyst 4 


4Rh/18Ce02/AI 2 0 3 


15.9 


Comp. catalyst 5 


4lr/18Ce0 2 /AI 2 0 3 


10.1 



55 



Test Example 3 

[0080] Stearri reforming of a variety of hydrocarbons was performed through employment of catalyst 1 or comparative 
catalyst 1 in the following manner. 

[0081 ] Each catalyst sample was pulverized to a particle size of 0.5 to 1 mm. SiC (3.5 mL) was added to the pulvenzed 
catalyst (1 .5 mL), and the mixture was charged into a quartz reactor (inner diameter: 20 mm). The catalyst contained 
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15 



20 



25 



in the mixture was reduced by hydrogen at 600°C for one hour under hydrogen flow in the reactor. Hydrocarbons shown 
in Table 4 were employed as feedstocks. Steam reforming reaction of each hydrocarbon was caused at ambient pres- 
sure and under the conditions shown in Table 4 (i.e., accelerated deterioration test). One hour after starting of the 
steam reforming, the resulting gas was sampled and C1 percent conversion or percent conversion of a hydrocarbon 
(hereinafter referred to as HC percent conversion) was obtained. The C1 percent conversion was obtained in a manner 
as described above, and the HC percent conversion was obtained in accordance with the following equation: 
[0082J HC percent conversion (%) = [1 - (the number of overall carbon atoms contained in hydrocarbon product)/ 
(the number of overall carbon atoms contained in hydrocarbon feedstock] x 100. 
[0083] The results are shown in Table 4. 

[0084] The composition of naphtha employed in Test Example 3 is shown in Table 3. 

Table 3 



Composition of desulfurized naphtha (wt%) 




No. of C atoms in molecule 


paraffin 


Naphthene 


Aromatics 


Total 


5 


0.4 


0.1 




0.5 


6 


12.0 


4.3 


0.7 


17.0 


7 


34.6 


9.6 


4.8 


49.0 


8 


13.8 


5.2 


4.4 


23.4 


9 


7.2 


1.8 


0.7 


97 


£10 


0.2 


0.1 


0.1 


0.4 


Total 


68.2 


21.1 


10.7 


100.0 


Sulfur content 


<20 ppb 



Table 4 



30 



35 



40 



Catalyst No. 


Feedstock 


SV(hr 1 ) 


S/C 


Temperature Temperature 
(°C) 


C1 percent conversion or 
HC conversion or HC 
percent conversion (%) 


Catalyst 1 


Propane 


7,000 


3 


500 


C1 83.1 


Comp. catalyst 1 


Propane 


7,000 


3 


500 


C1 43.5 


Catalyst 1 


Naphtha 


9.5 


1.5 


600 


C1 45.2 


Comp. catalyst 1 


Naphtha 


9.5 


1.5 


600 


C1 25.1 


Catalyst 1 


Methane 


8,000 


3- 


650 


HC 54.7 


Comp. catalyst 1 


Methane 


8,000 


3 


650 


HC 28.6 



Note) SV: GHSV (methane, propane), LHSV (naphtha) S/C: Steam/carbon (mol) ratio 
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50 



Test Example 4 

[0085] Autothermal reforming of naphtha and methane was performed through employment of catalyst 1 or compar- 
ative catalyst 1 in the following manner. 

[0086] Each catalyst sample was pulverized to a particle size of 0.5 to 1 mm. SIC (3.5 mL) was added to the pulverized 
catalyst (1 .5 mL), and the mixture was charged into a quartz reactor (inner diameter: 20 mm). The catalyst contained 
in the mixture was reduced by hydrogen at 600°C for one hour under hydrogen flow in the reactor. Hydrocarbons shown 
in Table 5 were employed as feedstocks. Autothermal reforming reaction of each hydrocarbon was caused at ambient 
pressure and under the conditions shown in Table 5. One hour after starting of the reforming, the resulting gas was 
sampled, and HC percent conversion was obtained in a manner as described above. The results are shown in Table 
5. The naphtha employed in Test Example 4 had the same composition as shown in Table 3. 



55 
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Table 5 



Catalyst No. 


Catalyst 1 


Comp. Catalyst 1 


Catalyst 1 


Comp. Catalyst 1 


Feedstock 


Naphtha 


Naphtha 


Methane 


Methane 


SV (hH) 


5 


5 


25,000 


25,000 


S/C 


2.5 


2.5 


0.6 


0.6 


o 2 /c 


0.4 


0.4 


0.6 


0.6 


COj/C 






0.12 


0.12 


Temperature (°C) 


800 


800 


1,000 


1,000 


HC percent conversion (%) 


77.3 


50.2 


71.0 


39.9 



Note) SV: GHSV (methane), LHSV (naphtha) 
S/C: Steam/carbon (mol) ratio 
O2/C: Oxygen/carbon (mol) ratio 
CO^C: Carbon dioxide/carbon (mol) ratio 
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Test Example 5 

[00871 Partial-oxidation reforming of naphtha and methane was performed through employment of catalyst 1 or com- 
parative catalyst 1 in the following manner. 

[0088] Each catalyst sample was pulverized to a particle size of 0.5 to 1 mm. SiC (3.5 mL) was added to the pulverized 
catalyst (1 .5 mL), and the mixture was charged into a quartz reactor (inner diameter: 20 mm). The catalyst contained 
in the mixture was reduced by hydrogen at 600°C for one hour under hydrogen flow in the reactor. Hydrocarbons shown 
in Table 6 were employed as feedstocks. Partial-oxidation reformation reaction of each hydrocarbon was caused at 
ordinary pressure and under the conditions shown in Table 6. One hour after starting of the reforming, the resulting 
gas was sampled, and percent conversion of naphtha (hereinafter referred to as naphtha percent conversion) or HC 
percent conversion was obtained. The HC percent conversion was obtained in a manner as described above, and the 
naphtha percent conversion was obtained in accordance with the following equation: 

[0089] Naphtha percent conversion (%) = [1 - (the weight of naphtha contained in product)/(the weight of naphtha 
feedstock] x 100. 

[0090] The results are shown in Table 6. 

[0091] The naphtha employed in Test Example 4 had the same composition as shown in Table 3. 

Table 6 



Catalyst No. 


Catalyst 1 


Comp. catalyst 1 


Catalyst 1 


Comp. catalyst 1 


Feedstock 


Naphtha 


Naphtha 


Methane 


Methane 


SV(hr 1 ) 


15 


15 


5,000 


5,000 


o 2 /c 


0.5 


0.5 


0.5 


0.5 


Temperature (°C) 


700 


700 


700 


700 


Percent conversion (%) 


86.2 


72.7 


64.9 


48.2 



Note) SV: GHSV (methane), LHSV (naphtha) 
O2/C: Oxygen/carbon (mol) ratio 
Conversion: naphtha percent conversion (naphtha), 
HC percent conversion (methane) 

Test Example 6 

[0092] Carbon dioxide reforming of methane was performed through employment of catalyst 1 or comparative catalyst 
1 in the following manner. 

[0093] Each catalyst sample was pulverized to a particle size of 0.5 to 1 mm. SiC (3.5 mL) was added to the pulverized 
catalyst (1.5 mL), and the mixture was charged into a quartz reactor (inner diameter: 20 mm). The catalyst contained 
in the mixture was reduced by hydrogen at 600°C for one hour under hydrogen flow in the reactor. Methane was 
employed as a feedstock. Carbon dioxide reforming reaction of methane was caused at ordinary pressure and under 
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the conditions shown in Table 7. One hour after starting of the reforming, the resulting gas was sampled, and CO yield 
was obtained. The CO yield was obtained in accordance with the following equation: 
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CO yield (%) = [(amount of CO (mol) contained in 
product)/(amounts (mol) of C0 2 + CH 4 contained in feedstock] 
x 100. 



[0094] The results are shown in Table 7. 



Table 7 



Catalyst No. 


GHSV (hr 1 ) 


C0 2 /C mol ratio 


Temperature (°C) 


CO yield (%) 


Catalyst 1 


25,000 


1 


780 


71.9 


Comp. catalyst 1 


25,000 


1 


780 


50.5 



Industrial Applicability 

[00951 The hydrocarbon reforming catalyst of the present invention comprises an alumina carrier containing cerium 
oxide and, as an active component, a specific platinum group element carried by the alumina carrier. The catalyst 
exerts excellent catalytic activity and is suitably employed in reforming processes for hydrocarbons. Through employ- 
ment of the catalyst, steam reforming, autothermal reforming, partial-oxidation reforming, or carbon dioxide reforming 
of hydrocarbons can be performed at high efficiency, whereby hydrogen or synthesis gas can be produced at high 
percent conversion. 



Claims 

30 



1 A hydrocarbon reforming catalyst comprising an alumina carrier containing cerium oxide and, carried on the carrier, 
component (a) and component (b), the component (a) being at least one platinum group element selected from 
among ruthenium, platinum, rhodium, palladium, and iridium; and the component (b) being cobalt and/or nickel. 

35 2. A hydrocarbon reforming catalyst as described in claim 1, which further comprises component (c) carried on the 
carrier, the component (c) being an alkaline earth metal. 

3. A hydrocarbon reforming catalyst as described in claim 1, wherein the alumina carrier containing cerium oxide 
comprises cerium oxide in an amount of 5 to 40 wt.% and alumina in an amount of 95 to 60 wt.%. 



40 



A hydrocarbon reforming catalyst as described in claim 1, wherein the component (a) is carried on the carrier in 
a metal amount of 0.1 to 8 wt.% based on the entire amount of the catalyst. 

5. A hydrocarbon reforming catalyst as described in claim 1, wherein the component (b) is carried on the carrier in 
45 a metal amount of 0.1 to 20 wt.% based on the entire amount of the catalyst. 

6. A hydrocarbon reforming catalyst as described in claim 2, wherein the component (c) is carried on the carrier in a 
metal amount of 1 to 20 wt.% based on the entire amount of the catalyst. 

50 7. A hydrocarbon reforming catalyst as described in claim 1, which is employed for steam reforming, autothermal 
reforming, partial -oxidation reforming, or carbon dioxide reforming of hydrocarbons. 

8. A hydrocarbon reforming catalyst as described in claim 1 , wherein the platinum group element of the component 
(a) is ruthenium. 

55 

9. A hydrocarbon reforming catalyst as described in claim 8, which is employed for steam reforming of hydrocarbons. 
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10. A steam reforming process for hydrocarbons in production of hydrogen or synthesis gas, the process comprising 
employing a hydrocarbon reforming catalyst as recited in claim 1. 

11. A steam reformation process for hydrocarbons as described in claim 10, wherein the hydrocarbon reforming cat- 
alyst contains ruthenium as the platinum group element of the component (a). 

12. An autothermal reforming process for hydrocarbons in production of hydrogen or synthesis gas, the process com- 
prising employing a hydrocarbon reforming catalyst as recited in claim 1. 

13. A partial-oxidation reforming process for hydrocarbons in production of hydrogen or synthesis gas, the process 
comprising employing a hydrocarbon reforming catalyst as recited in claim 1. 

14. A carbon dioxide reforming process for hydrocarbons in production of hydrogen or synthesis gas, the process 
comprising employing a hydrocarbon reforming catalyst as recited in claim 1. 
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